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Points of view 


IT HAS LONG BEEN EVIDENT that International communication net- 
works are being called upon to handle steadily increasing traffic. Despite 
the establishment of new cable circuits, these networks still rely to a 
large extent on transmissions in the HF part of the spectrum, and heavy 
congestion in this frequency band limits the number of new circuits 
which can be established. Extra capacity can, therefore, only be obtained 
by getting more out of existing systems. 

We have already witnessed great changes in the techniques.of systems 
engineering in the post-war era, typified by the move to ISB and FSK 
operation. These changes have been accompanied by a steady improve- 
ment in the design of equipment, and a tightening of frequency tolerances 
in particular. We now have transmitters and receivers whose bandwidth 
requirements are very small, and which permit much more effective 
utilization of the frequency spectrum than was possible even ten years 
ago. Further developments, such as automatic error correction for tele- 
graph circuits, are in the offing. 

Each successive step leads to more complex equipments which, if full 
advantage is to be derived from them, must be operated at all times 
under optimum conditions. So far as is possible, the higher standards of 
performance will be obtained with the minimum demand on operating 
and maintenance staff, since improved performance at the price of con- 
tinual adjustment will only be acceptable when all other lines of ap- 
proach have failed. 

Manufacturers are fully aware of their responsibilities in this matter, 
and are spending large sums of money in the development of equipment 
having the maximum reliability in conjunction with high performance. 
The implied responsibility goes further than this, in that it is part of their 
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task to assist the user organizations to take advantage of new techniques 
as they arise, and to derive from them the maximum benefit during the 
working life of equipment. Most manufacturers are alive to this, and with 
each new basic development consider the means by which they can assist 
their customers in getting it into operation smoothly and with the 
minimum of difficulty. 

Much can be done by the professional Institutions and technical press, 
but one of the most important ways of assisting potential users of a new 
system is by the provision of training courses, both in the new techniques 
and in the operation and maintenance of specific equipment. Unless the 
manufacturer is prepared to assist by the provision of the fullest degree 
of information, by assisting the user to carry out system planning tasks, 
and in the ultimate by making available training courses for his engineers, 
then the full utilization of a new system may be seriously delayed. 





Guglielmo Marconi 
and Communication beyond 
the Horizon 


A SHORT HISTORICAL NOTE BY G. A. ISTED* 


The paper describes experiments, carried out between 1928 and 
1936 by Guglielmo Marconi, which demonstrated that transmis- 
sion beyond the horizon by means of microwaves was practic- 
able. Furthermore the influence of tropospheric mechanisms on 
radio-wave propagation was recognized by him at the time. 


IN 1896, encouraged by Sir William Preece of the British Post Office, 
Guglielmo Marconi gave one of the first spectacular demonstrations of 
communication by means of radio waves. The frequency he used was of 
the order of 1000 Mc/s. It is interesting that after over 30 years of in- 
vestigation, during which period he worked successively on low, 
medium and high frequencies, he finally returned to his original band of 
frequencies in the years 1928-36. 

It is also interesting to consider how different things might have been 
had Marconi not deviated from his original investigation of microwaves. 
We might by now, for example, have fully exploited the possibilities of 
microwave tropospheric scatter mechanisms. We might even now have 
been turning our attention to longer waves, where rumour would have 
it that communications could be established over still greater distances 
with less power than that used on microwaves, and we might now have 


* EDITOR’S NOTE: Mr Isted’s article was presented at the Symposium on Long Distance Pro- 
pagation above 30Mc/s held by the Institution of Electrical Engineers in London on 28th 
January 1958 and is reprinted with their permission. In the light of recent developments 
utilizing Ionospheric and Tropospheric scatter, we feel that it is not out of place at this time 
to reprint this article which reminds us that Guglielmo Marconi discovered the existence of 
these phenomena twenty-five years ago. 
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been theorizing on the existence of the ionosphere. That might possibly 
have been the more logical evolution of the art of radiocommunication. 
It was, however, ordained otherwise, and we are now back, in many 
respects, to the point at which Marconi began his work. 

It cannot be said that Marconi was ever an able recorder of his own 
technical achievements, and it has been left mainly to others who have 
had intimate knowledge of his work to place them on record. His work 
after 1928 was no exception, and it is the pleasant task of the author, 
who had the privilege of being one of his personal assistants at that time, 
to link the experiments which Marconi carried out from that year on- 
wards with those being carried out at the present time. 

In 1928 the Presidency of the Italian Royal Academy was conferred 
upon Marconi. This made it necessary for him to transfer his research 
activities and staff from England to Italy, although his work continued 
to be sponsored by British interests. 

It is, of course, well known now that the troposphere profoundly 
affects the propagation of radio waves, particularly those with frequen- 
cies within the VHF and UHF bands and beyond. The first direct refer- 
ence to the influence of the troposphere on radio-wave propagation was, 
however, made by Marconi. This reference was made in respect of ex- 
periments, using frequencies just above 30 Mc/s, which were requested 
by the Italian Government. These experiments, now briefly described, 
were carried out between Sardinia (Golfo Aranci) and the Italian main- 
land (Fiumicino). 

Arrays of uniform aerials, each of which probably had a gain of about 
16 dB, had been erected at both the transmitting and receiving sites, 
which were virtually at sea level. Transmitters, capable of being modu- 
lated by a single speech channel, delivered about 1 kW of power to the 
aerial. Thus the system achieved an effective radiated power of the order 
of 40kW. The geometrical optical range given by the combined aerial 
heights was not more than 34km and the distance was 270 km—some 
eight times the optical range. 

The experiments showed quite clearly, by beam-swinging tests, that 
the angle of arrival of the signal was tangential to the horizon. Meteoro- 
logical conditions, whilst never causing complete failure of signals, did 
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cause a day-to-day and seasonal modification to the mean signal level. It 
was noted particularly that the signal level was some 20<B less in winter 
than summer. 

It was this experimental evidence which prompted Marconi’ in his ad- 
dress to the Italian Society for the Progress of Sciences in 1930 to say: 

‘From measurements effected recently it would seem that along the 
route between Sardinia and the Italian mainland this wave is refracted 
and contained within a space lying between the surface of the earth and 
a layer situated somewhat lower than the Heaviside layer.’ 

This is a fair description of the troposphere. 

From the author’s personal knowledge the fading characteristics on 
this test route were similar to those which we now observe on authentic 
tropospheric scatter circuits. 

We must, of course, bear in mind that during these 30 Mc/s experi- 
ments sporadic-E ionization could have been present. It is also recorded 
that round-the-world echoes were observed which indicated the proba- 
bility also of F,-layer propagation; both these factors may possibly have 
influenced the results. Nevertheless, the continuous presence of the sig- 
nal at all times makes it certain that tropospheric mechanisms must 
have been the dominant influence. 

It was at the conclusion of these tests that Marconi turned his atten- 
tion again to the investigation of the behaviour of microwaves. This 
time he was not alone in this field. Very early in the 1930’s Uda’ in 
Japan succeeded in communicating between Sendai and Otakamori, a 
distance of 30km, on frequencies of the order of 600 Mc/s; Pistor’ in 
Germany had made valuable contributions to the microwave art; Clavier 
and Gallant’ established a 2-way communication link across the English 
Channel between St Inglevert and Lympne on a frequency of the order 
of 1 500Mc/s. Marconi himself very soon succeeded in demonstrating 
communications over distances of the order of 35km on 600Mc/s so 
convincingly that the Vatican Authorities requested him to provide a 
similar equipment for communication between the Vatican and the sum- 
mer residence of His Holiness the Pope at Castel Gandolfo. This installa- 
lation, the first microwave telephone in the world, was put into regular 
service’ in February 1933. Marconi, however, had no real interest in 
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these short-distance line-of-sight transmissions. His ambition was to 
break down the barriers which dared to impose limitations on the pro- 
pagation of the radio waves he had made his life’s study. With this in his 
mind he set himself the task of removing the barriers which, at that 
time, seemed destined for the first time to prevent him from communi- 
cating to distances beyond the horizon. 

All workers in the microwave field in the early 1930’s used the hum- 
blest of apparatus. This fact explains the absence of the precise measure- 
ments to which we have become accustomed in the past decade or so. 
There were literally no radio-frequency devices available for the meas- 
urement of power, signal intensity, attenuation or indeed frequency 
itself. A brief description of the apparatus used by Marconi may there- 
fore serve to demonstrate the difficulties under which he, and indeed 
other contemporary workers, carried out their pioneering work. It may 
also serve to enhance their early technical achievements. 

The backbone of the electronic apparatus was, without doubt, the so- 
called electron oscillator. 

Barkhausen and Kurz discovered in 1919 that, when they applied a 
negative potential to the anode of a triode valve and a high positive po- 
tential to the grid, very-high-frequency oscillations were set up; whether 
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Fig.1. An early type of 600 Mc/s oscillator unit, using one pair of push-pull valves, connected 
in the Barkhausen-Kurz manner. The dipole is capacitance-loaded by circular end discs 
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this was discovered by accident or design is not recorded. It was further 
found that the frequency generated in this manner, usually higher than 
300 Mc/s, was largely dependent upon the applied potentials. Gill and 
Morrell, in 1922, showed how the Barkhausen-Kurz electron oscillator 
could be coupled to an oscillatory circuit. 

Not every valve would produce the Barkhausen-Kurz continuous- 
wave oscillations, and when one was found which did, its life often ter- 
minated after a few minutes’ operation, usually owing to the fact that 
the grid had melted. 

One of the first requirements at this stage was a reliable valve. 
Marconi developed one during his first year’s work which had a life of 
about 40 hours, and a power output of the order of 5 watts at a fre- 
quency of 600Mc/s. A transmitting unit was developed consisting of 
two valves operating in push-pull with associated tuning lecher wires in 
the grid, anode and filament circuits; the dipole aerial was directly 
coupled to the grid circuit (see Fig.1). Four of these units — eight valves 
in all—were used in parallel, all being kept in phase by an interlinking 
lecher-wire system; a formidable arrangement even by modern stand- 
ards! 

All four dipoles of this arrangement were situated in a broadside man- 
ner at the focus of a five-unit fishbone parabolic reflector. A conserva- 
tive estimate of the effective radiated power of this particular arrange- 
ment is 4kW. 

Frequency modulation of the transmitter was obtained by the simple 
expedient of modulating the anode negative potential. 

The receiver consisted of a pair of push-pull valves connected in the 
Barkhausen-Kurz manner and used in conjunction with a paraboloid 
aerial. A more portable version of this receiver, incorporating a fish- 
bone parabolic reflector and dipole aerial, is shown in Fig.2. The radio- 
frequency ‘detector’ was followed by a 2-stage audio-frequency ampli- 
fier — only four valves in all. The secret of the success of this remarkable 
little receiver undoubtedly lay in the fact that, by patient and cunning 
manipulation of the grid and anode potentials, and the grid, anode, and 
filament tuning lecher wires, the receiver could be coaxed to the state 
where it just failed to oscillate on the required frequency; this state was 
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Fig.2. The portable 600 Mc/s receiver, incorporating a fishbone parabolic aerial, used in many 
of Marconi’s experiments 
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Fig.3. The 600Mc/s receiver, with large paraboloid aerial mounted at the aft end of the 
‘Elettra’s’ boat deck, used for long-distance experiments 


superbly sensitive as users of orthodox regenerative receivers will recall 
with some nostalgia. 

It was with this apparatus, crude by modern standards, that Marconi 
set out in 1932 supremely confident that he would yet again confound 
the physicists and mathematicians of the day who were of the opinion 
that communication beyond the horizon was an impossibility by means 
of microwaves, or as they were then called, quasi-optical waves. 

Marconi was particularly fortunate in having at his disposal the steam 
yacht Elettra, now alas, through the vicissitudes of war, lying at the 
bottom of the Adriatic. With this vessel he was able to study the be- 
haviour of radio waves from their source up to distances at which sig- 
nals were no longer audible. 

The first experiments’ were carried out with the transmitter installed 
on the roof of the Hotel Miramare at Santa Margherita, on the Italian 
Riviera; the receiver was located in the stern of the Elettra (see Fig.3). 
This arrangement gave an optical range of about 27 km. 
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Observations made while the Elettra steamed away from the trans- 
mitter showed repeatedly that signals could be received up to about 
three or four times the optical range. The behaviour of the signal re- 
peated from one day to the next; the salient features being that up to the 
horizon fading was shallow and slow, but beyond the horizon fading 
became deep and fairly rapid. 

Tests were carried out a month or two later from Rocca di Papa 
(Rome), from a height of 700m, with the transmitting aerial array 
directed across the sea towards Sardinia. The receiver remained in the 
same position at the stern of the Elettra. The optical range under these 
new conditions was about 90km. 

Repeated tests again showed that microwaves could be reliably pro- 
pagated to distances exceeding the optical range by two to three times. 
The behaviour of the signals conformed closely to those received from 
the lower transmitting terminal at Santa Margherita. During these ex- 
periments signals were received up to distances of 240km. Continuing 
this series of experiments Marconi conducted microwave tests from two 
elevated terminals—one at Rocca di Papa and the other at Capo Figari 
(Sardinia) at a height of 340 m — separated by a distance of 270 km with 
an optical range over sea of 150km. 

In these tests it was established by beam swinging that the angle of 
arriva! of the signal was tangential to the horizon, and in the direction 
of the transmitter. Furthermore, for the duration of the tests, the signals 
were always present, albeit with notable fading. 

Marconi was now well aware of the effects of meteorological condi- 
tions upon radio communications as is shown by Vanni’. He was of the 
opinion that the reception of radio waves at distances beyond the hori- 
zon could be attributed to the effects of the lower atmosphere. He was 
also convinced that some stratification would eventually be identified 
which would enable microwaves to be usefully propagated to distances 
of the order of 400-500 km. With this in mind the supporting structures 
of both transmitting and receiving parabolic aerials were modified in a 
manner to allow the main aerial lobes to be elevated by substantial 
amounts. With this facility, tests were carried out in the autumn of 1932 
between Rocca di Papa and the Elettra anchored in the harbour at 
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Fig.4. The five-unit fishbone parabolic aerial tilted at a substantial vertical angle during the 
Rocca di Papa— Venice long-distance test 
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Venice, a distance of 400 km. The optical range in these particular ex- 
periments, because of intervening hills, was restricted to 70 km. Recep- 
tion tests were made while the transmitting and receiving parabolic 
aerials were synchronously tilted upwards by successive small angles of 
elevation. Fig.4 shows the transmitting aerial arranged for a substantial 
vertical angle. 

The experiments failed— probably because the distance was too am- 
bitious considering the relatively low power radiated. On the other hand 
the author, who was responsible for the instrumentation of the test, has 
never been able to satisfy his conscience that the receiver and transmit- 
ter were ever brought into tune with one another. It was, in fact, the 
first time that an attempt was made to receive signals over a great 
distance without first being able to commence the experiment in the 
vicinity of the transmitter, where the tuning procedure was relatively 
easy and certain. 

After the failure of the Rocca di Papa— Venice experiments great 
efforts were made to increase the power of the transmitter and the 
general stability and efficiency of the apparatus. The resulting improve- 
ment was so effective that Marconi decided to carry out further pro- 
pagation tests with the Elettra in August 1933. 

The new transmitter was installed again at Santa Margherita. The 
Elettra, with the receiving aerial installed at the stern, then steamed in a 
south-westerly direction along the Italian coast. Signals were monitored 
continuously during the voyage, and, apart from the occasions when 
navigational requirements made it impossible to maintain the receiving 
parabolic aerial directed towards the transmitter, signals were received 
throughout the voyage as far as the harbour of Santa Stefano. The total 
distance covered was 258km, i.e. nine times the optical distance. This 
distance was achieved in spite of the fact that high hills intervened at 
two points along the route. 

Carroll’ has recently pointed out that this particular experiment in- 
dicated, without doubt, that Marconi had discovered experimentally the 
existence of microwave propagation beyond the horizon which could 
not be explained by diffraction and refraction. This was the identical 
point of view expressed by Marconi’ himself in the account he gave of 
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REALE ACCADEMIA Oh ITALIA 12 Via Condotti, 
4 PRESIDENTE Rome, 17th Augsut, 1933. 


H.A. White, EBeq., 
Marconi House, Strand, 
London, W.C.2. 


Dear Mr, White, 


Enclosed herein, I beg to forward, for 
your information, copy of a Note I have presented on the 
14th instant to the Physics and Mathematics Section of 
the Royal Academy of Italy, on my recent tests of radio- 
telegraphic and radiotelephonic communication by means — 
of micro~waves, 


From perusal of this Note you will see that the 
Transmitter sat Placed at Santa Margherita Ligure at a 
height of only metres, strong, fully commercial speech 
was received on board the "Elettra" at a distance of 150 
kilometres, while Morse signals were still detected on the 
Yacht at Porto Santo Stefano over a distance of 258 km, 
notwithstanding intervening land with high hills, The 
fallacy of range limitation attributed to the socalled 
quasi-optical waves remains thus conclusively proved, the 
optical distance having been exceeded by almost nine times, 


Further improvements in the apparatus are likely 
again to revolutionise radio comeunications, 


The tests will be resumed in about ten days, when 
the transmitting apparatus will be installed at Rocca di 
Papa, near Rome, Full report will be forwarded on the 
conclusion of these tests. 


Yours sincerely, 








Fig.s. Reproduction of one of Marconi’s letters at the conclusion of the Santa Margherita- 
Santa Stefano tests 
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the experiment to the Physics and Mathematical Section of the Royal 
Academy of Italy on 14th August 1933. 

Sir Ambrose Fleming” has emphasized that Marconi’s predominant 
interest was not in purely scientific knowledge per se, but in its practi- 
cal application for useful purposes. So it was typical of Marconi that, 
having proved to his own satisfaction that microwaves could be utilized 
for all manner of purposes, he set about developing and demonstrating 
some of the practical applications. Amongst these applications were 
specific navigational aids", which imposed a heavy demand upon the ser- 
vices of the Elettra, and precluded her further participation in propaga- 
tion experiments. Had it not been for this, the propagation tests would 
undoubtedly have continued and our present knowledge of tropospheric 
mechanisms might well have been much more advanced. 

Ces,idered in retrospect there is surely every reason to believe that, 
by i « “peated demonstrations that signals were receivable beyond the 
hori: «, even up to eight or nine times the optical range on both jo and 
600 Mc/s, Marconi utilized the same tropospheric mechanisms which 
we ourselves are only now actively investigating. It is interesting to 
note furthermore that we are slowly coming to the same conclusions 
that Marconi reached in one of his letters, reproduced in Fig.s5, written a 
quarter of a century ago. 
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Printed Circuits and 


High Quality Amplifiers 


DURING THE 1930's Dr Eisler, working under the sponsorship of a 
large English printing firm, explored the possibility of applying the ex- 
perience and methods of the printing industry to the production of 
electronic wiring patterns. His early experiments with metal powders 
and inks printed directly on to insulating boards convinced him that the 
only suitable type of conductor was one made from metal foil. Logically 
he proceeded to the idea of an insulator with its entire surface covered 
with foil, and by using inks which were resistant to etching chemicals, 
he removed the unwanted areas, leaving the desired conductor pattern. 

By the early 1940’s Dr Eisler had patented most of the ideas which are 
the basis of today’s processes. All of his development was, however, 
carried out on a laboratory scale. His concepts were not immediately 
acceptable to the electronics industry and he found the steps between the 
laboratory and production line were long and required considerable 
capital investment. 

During the period of development towards a production process the 
chief advantage of printing a circuit was considered to be the facility for 
auto-assembly with its consequent reduction of costs on quantity produc- 
tion. The most important prerequisite for this auto-assembly system was 
a foil-coated insulated board material which had to be inexpensive and 
capable of withstanding soldering temperatures, drilling and punching 
strains. At the same time, the insulation had to be of a high standard, with 
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low moisture absorption. Laminated plastics were the obvious choice for 
the insulating material, and copper, silver or aluminium for conductor 
foil. Silver was considered to be too expensive and aluminium was diffi- 
cult to solder, and so work was concentrated on a phenolic laminated 
board to which a copper foil was securely bonded. The first results of this 
development became available in the U.S.A in 1949 and immediately fol- 
lowing this, several organizations in Great Britain started developing 
production processes. 

The results of this work soon showed that an etching process could be 
evolved permitting very accurate reproduction of inductances, and close 
control of the circuit stray capacitances to a degree unobtainable with the 
usual circuit wiring processes. Thus, whereas the general application of 
printed wiring was considered to confer the advantage of production 
cost reduction, an application was also revealed by which a standard of 
special excellence was available. 

At the time that this development was taking place, work on broad 
band microwave links had reached the stage at which intermediate 
frequency amplifiers were required, having extremely accurately con- 
trolled gain and phase characteristics. The required transmission 
responses had been obtained in the laboratory, and it was possible that 
they could be reproduced in the factory, but the quantity of specialized 
test equipment and the technical skill required to obtain these responses 
were obviously impracticable for routine maintenance in working sys- 
tems. An alternative approach was therefore necessary and resulted 
firstly in the development of circuits unaffected by valve variations, age- 
ing and climatic changes. This enabled precise component values to be 
assigned, thus permitting the use of printed circuit techniques, and has 
given rise to a new technology. 

A major problem encountered with this type of printed circuit was 
that of making connections from the foil to external points, without 
introducing mechanical strains. Any strain of this kind could cause the 
foil to lift from the insulating board and eventually to fracture. All inter- 
connecting leads carrying low frequency currents are therefore made via 
special eyelets which rivet the foil at these points as well as providing 
electrical termination. For RF interconnection points, a special co-axial 
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connector has been designed which, as well as removing all strain from 
the foil, also provides a mechanical connection between the board and 
metal chassis on which it is mounted. Since it is inconvenient to place the 
RF connectors directly at the feed points, a printed strip line of accurately 
controlled impedance has been utilized. 

One other component of considerable importance, which if not care- 
fully designed could cause damage to the copper foil, was the valve holder 
(since at the present stage of valve development it was considered desir- 
able to use plug-in types of valves). A special valve holder has been 
designed which has a PTFE insulating body which fits snugly to the 
laminated board. Since the thermal conductivity and capacity of the 
board is poor, it is necessary to conduct the heat of the valves away from 
the printed circuit. This is accomplished by mounting the boards parallel 
to a metal chassis and relying on the valve screening cans to conduct the 
valve heat to it. 

The complete printed circuit includes no tuning adjustment of any 
kind and therefore all components which can influence the transmission 
responses of the circuits must be of the highest stability. This also implies 
that the leads of these components must always be set to the same elec- 
trical value and to control this a manufacturing procedure has been 
developed to ensure that these leads are accurately bent and mounted. 

Finally, the effects of climatic variation must be removed. This is ac- 
complished by coating both the components and the printed circuit with 
a material which does not affect the electrical characteristics of the board 
or the overall performance. 

The use of a printed circuit leads to a new concept of maintenance. The 
replacement of a faulty component could easily cause mechanical dam- 
age to the copper foil, and since the complete circuit has an enveloping 
coat to protect it against humidity, faulty components cannot, in any 
case, be replaced without re-sealing. The equipment is therefore so 
designed that each printed circuit board is low in cost and easily replaced 
by a wireman or instrument maker without the services of a technician. 
All components of finite life, such as switches, potentiometers, high cur- 
rent resistors or electrolytic capacitors, are mounted on the main. chassis 
in an accessible manner. 
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FREQUENCY Mc/s 
50 60 70 80 9 


GAIN = 048 


RESPONSE db 





GAIN = 10d8 (NORMAL) 


RESPONSE dB 





GAIN = 4048 (30d8 FADE) 


RESPONSE dB 





Fig.2. Transmission v. frequency response showing variation due to gain change 
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PRINTED CIRCUITS AND HIGH QUALITY AMPLIFIERS 


FREQUENCY Mc/s 


60 70 80 


GAIN ~ 0dB 


mS 
“ 


GAIN = 10dB (NORMAL) 


GROUP DELAY VARIATION 


GAIN = 40dB (3048 FADE) 





Fig.3. Group delay variation v. frequency showing variation due to gain change 


Fig.1 shows an IF amplifier using printed circuits and one of conven- 
tional design which fulfils the same requirement. The printed circuit 
amplifier includes an additional stage to the conventional type and its 
performance is much improved as shown in Table 1. These amplifiers are 
both designed to be preceded by low noise pre-amplifiers but whilst the 
transmission response and group delay of the printed type is adequate 
for a 600 channel or colour television FM signal, the conventional design 
is suitable for only 240 channels or black and white television. A graph 
of transmission charactistics of the printed design is illustrated in Fig.2 
and the group delay variations in Fig.3. These characteristics are un- 
affected by valve ageing or tolerances. The essential characteristics of the 
two amplifiers are as follows: 








POINT TO POINT TELECOMMUNICATIONS - 


Table 1 
COMPARATIVE PERFORMANCE TABLE 
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Parameter 


Conventional 


Printed Circuit 





Design Design 
Input: 
Impedance 75, 75 
Return Loss (65-75 Mc/s) 20 dB 26 dB 
(60-80 Mc/s) wae 20 dB 
Level ref 220mV — 730 to +10dB| —zZoto +10dB 
Output : 
Impedance 752 756 
Return Loss (65-75 Mc/s) ~ 26 dB 
(60-80 Mc/s) tite 20dB 
Level ref 7oomV —1 to +0-5dB +1 dB 
Frequency Response : 
+o-1 dB points 65-75 Mc/s 58-83 Mc/s 
— 0-25 dB points 63-77 Mc/s 56-5-87 Mc/s 
Bandwidth (limit group 
delay) 65-75 Mc/s 60-80 Mc/s 


(Linear variation <1my» Sec.) 
(Quadratic variation <6m-» Sec.) 











Production experience has proved that this performance is adequately 
maintained in practice. The production testing required is of the simplest 
nature and testing time is reduced by over 50%. 
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Automatic Error Correction 


on HF Telegraph Circuits 
P. R. KELLER, B.Sc, A.M.I.E.E 


Automatic error correcting equipment has already proved its 
ability to increase the efficiency with which telegraph traffic is 
transmitted over HF radio circuits. The number of circuits incor- 
porating automatic error correction is as yet relatively small, but 
can be expected to increase considerably in the near future. This 
article covers the principles of error correction, based on the Van 
Duuren system recommended by the C.C.I.T for international 
circuits, and also outlines the design of equipment. 


1 INTRODUCTION 


THE LIABILITY Of HF telegraph systems to transmission errors due 
to fading and interference has always been a limitation in communica- 
tions networks, but is inherent in the medium. With manually handled 
messages this has been largely mitigated by visual inspection and subse- 
quent repetition of errors. This procedure reduces the traffic capacity of 
a network but was accepted when comparatively long time delays were 
regarded as tolerable. 

The increasing development of Telex services on an international basis 
requires the establishment of circuits of guaranteed transmission accu- 
racy. To obtain the required performance on HF telegraph circuits, auto- 
matic examination and, if necessary, the immediate repetition of an 
incoming transmission is called for. 

Numerous solutions are possible, and considerable work has already 
been done in developing a system of this kind in conjunction with a pro- 
tected code, initially with electro-mechanical equipment but latterly 
using electronic designs, by Dr Van Duuren of the Netherlands P.T.T. 
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This work has led to a recommendation by the C.C.I.T on the adoption 
of this system for international circuits. Using the Van Duuren principles, 
much work has also been carried out in the United Kingdom, notably by 
the G.P.O Research Establishment at Dollis Hill and also by the Telegraph 
Development Unit of Cable and Wireless Limited. The present article 
deals with equipment meeting the C.C.I.T recommendations, permitting 
the establishment of substantially error-free circuits. 

An error correcting terminal requires certain ancillaries in addition to 
the error-correction equipment. The additional units which are required 
to permit full integration with automatic internal networks are also 
discussed. 


2 TELEGRAPH CODES 


Radio telegraph circuits normally employ 2-condition codes; examples 
in common use are morse, double current cable code, 5-unit (start-stop 
or synchronous), and 7-unit synchronous. 

Inland telegraph circuits use the 5-unit start-stop code almost exclus- 
ively. In this code each character is represented by five elements, mark or 
space, and there are therefore 32 different permutations available. Fig.1 
shows the allocation of characters in the international telegraph alphabet. 
Figure shift and letter shift are used to extend the number of characters 
which can be transmitted. The elements of a character are normally 
transmitted sequentially on one wire, and to maintain synchronism 
between the transmitting and receiving equipments a nominal speed of 
transmission is employed (normally 50 bauds, or elements per second). 
The s-unit character is preceded by a start (spacing) element and fol- 
lowed by stop (mark) polarity for approximately 1—1¥, elements. 

The efficiency of 5-unit code (or of any code with a constant number 
of elements per character) can be increased by omitting the start and stop 
elements, which convey no information, and adopting other means of 
maintaining synchronism between the transmitter and receiver. Syn- 
chronous working results in a higher speed in words per minute for a 
given telegraph speed. 

Unless 5-unit code is used also for the radio circuit, more or less 
elaborate conversion equipment must be provided at the terminals, and 





ee aa 


oases 











BG UN a conti s s sain 43 


ie (RL EE ole AA ETON SE TES 














AUTOMATIC ERROR CORRECTION ON HF TELEGRAPH CIRCUITS 27 


skilled operators may be required. The 5-unit code is, however, particu- 
larly vulnerable to the interference normally experienced on HF radio 
circuits, since it possesses negligible redundancy (i.e. all possible 5-unit 
permutations, except signal No. 32, represent a character). As a result, a 
mutilated character (e.g. a mark lost or gained) cannot be detected and 
will cause an incorrect character to be printed. This is particularly serious 
if an erroneous Figure Shift is received while receiving lower case charac- 
ters, as the subsequent copy will be printed in the wrong (upper) case. 


3 PROTECTED CODES 


If the number of elements representing a character is such that there are 
more possible permutations than characters, the code possesses redund- 
ancy. The mutilation of a character in transmission may then give a 
permutation which does not correspond to any true character, and is 
therefore unacceptable. The form of the code must be chosen so that the 
possibility of a mutilation giving an incorrect but acceptable character is 
minimized. 

As an example, the simplest protected code is one in which a character 
is represented by six elements, the first five of which are as in the 5-unit 
code, and the sixth is made mark or space to make the total number of 
marks always an odd number, 1, 3 or 5. Errors due to changes of an odd 
number of elements can then be detected automatically while undetect- 
able errors result from a change of two or four elements. 


3-I THE 7-ELEMENT 3-MARK CODE 


The most important protected code used on radio circuits is that in which 
a character is represented by seven elements, of which three are always 
mark and four are space. A simple mark count checks the acceptability of 
each received character. Undetectable errors only occur when the change 
of a marking element to space is accompanied by the change of a spacing 
element to mark in the same 7-element group. 

In this code there are 35 permutations available, of which 32 are allo- 
cated to represent the characters of the 5-unit international telegraph 
alphabet, and two can be allocated to the supervisory conditions, 
continuous mark and continuous space. 
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eo = oe =~ Stare Pool Seep 
I A - .@) @®@eooeo * 
2 B ? 1@) @®ooe# ®@ * 
3 Cc : re) 0@e@ee8e0 s 
4 D Who are you? .@) @®ooe#eo * 
; E , o|le@e0000] e 
6 b * (%) ce) @®oee#eo * 
4 G * (@) oO 0@0 @ ®@ * 
8 H * (4) re) 0080 ®@ e 
9 I 8 ce) 0@e@e00 » 
lo J Bell oO @®@eoe#eo * 
11 K ( Oo @®ee#ee#?oo * 
12 I ) ce) 0@00 ®@ * 
13 M (e) 008 8 @ * 
14 N , Oo 008@e8@80 & 
15 O 9 Oo 000 @ @ * 
16 P ° .e) 0@eeo @ * 
17 Q 1 Oo @®eeo se0e * 
18 R 4 1@) 0@e08@°o * 
19 S ! ©) @®oe#eoo e 
20 T 5 .e) 0000 ®@ @ 
21 u 7 e) @®@eeoo * 
22 V = ce) 0@e8e 8 @ * 
23 W 2 oO = & @) Oo * 2 
24 X | ie) @#oeese*0 e 
ms y 6 oleo3@0 e| e@ 
26 Z - .@) @®ooo ® * 
27 Carriage Return oO 000 #@°O e 
28 Line Feed Oo Oo 6 Oo Od GO € 
29 Letter Shift (@) @eeeese e 
30 Figure Shift ie) @®eoe e® * 
31 Space Oo oO (@) e ce) oO » 
32 1@) ooo0o 0 @ * 
@ Mark OSpace * Optional 


Fig.1. §-unit start-stop code. International telegraph alphabet No. 2 
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4 CODE CONVERSION 


At the radio transmitting and receiving terminals it is necessary to trans- 
late between the codes used on the radio and inland circuits. Manual 
methods have been used which involve printing the characters received 
in one code and making perforated tape in the other code for re- 
transmission. It is more convenient, and operating costs are reduced, if 
code translation is effected by automatic converters. Mechanical, electro- 
mechanical and fully electronic automatic converters have been devised. 

We are concerned here with converters translating between the 5-unit 
teleprinter code and the 7-unit 3-mark code. The allocation of the 35 
permutations can be made in a great number of ways and the design of 
the converter is simplified if this is done in such a way that there is a 
logical relationship to the 5-unit code. The first practical automatic code 
converter, devised by Dr Van Duuren, used electro-mechanical relays, 
and the code logic devised for this unit is not well suited to an elegant 
design of an electronic converter. Other codes have since been proposed 
(e.g. Higgitt No. 2) which permit the design of a relatively simple elec- 
tronic converter but, owing to the well-established use of the original 
code, and the evident need for an international standard, the C.C.I.T have 
recommended that the Van Duuren code be preferred. 

An alternative form of translating equipment, which does not require 
a logical relationship between the codes, comprises a first part, which 
converts a 5-wire input to a %2-wire output, and a second part, which 
converts a 35-wire input to a 7-wire output. By appropriate connections 
between the 32-wire output of the first part and the 35-wire input to the 
second, any 7-element 3-mark code can be constructed. Such converters 
use more components than a logical translator, but are more flexible. 


5 AUTOMATIC ERROR CORRECTING SYSTEMS 


When a 7-unit code containing a constant number of mark elements is 
used, a means exists for the automatic repetition of a faulty character. 
On the detection of an error in the incoming 7-element character 
(wrong mark count) the transmission of the 5-unit output to the printer 
is stopped, and a special RQ combination (the 35th permutation of the 
code) requesting a repetition is inserted in the return circuit. 
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Fig.2. The automatic repetition cycle 


Whenever a character is transmitted over the system it is also stored 
for a period not less than the loop propagation time of the system. The 
receipt of the RQ signal at the originating terminal automatically stops 
the intake of new characters for transmission, and causes the re-transmis- 
sion of the required character together with the other characters in the 
store. Normal traffic and printing is resumed when the repetition is 
received without error. (A further error in the repetition originates 
another repetition cycle, and so on, until the character is received cor- 
rectly.) Since the erroneous character might have been the RQ signal in 
the other direction of the circuit, it is arranged that the request for a 
repetition is itself followed by a repetition of the characters in the store 
associated with the return circuit. 

Fig.2 shows the repetition cycle. For simplicity, it has been drawn 
with the transmission delay equal to the time of transmission of one 
character. Characters A, B, C, D, ... are shown transmitted from terminal 
I to terminal 2, while characters P, Q, R, S, . . . are transmitted in the 
reverse direction. The diagram shows the sequence resulting from the 
character C, transmitted from terminal 1, being falsified in transmission, 
and received at terminal 2, after the propagation delay, where it is 
detected as an error. At terminal 2 the return circuit is interrupted at the 
first opportunity to allow the transmission of the RQ signal and a repeti- 
tion of the four previously transmitted characters from the store (P, Q, 
R and S), while the output printer is stopped for the duration of five 
characters. At terminal 1, receipt of the RQ signal, after the propagation 














ie tare Sea ht 








AUTOMATIC ERROR CORRECTION ON HF TELEGRAPH CIRCUITS 31 


delay, stops the output printer for the duration of five characters, and 
interrupts normal transmission to send the RQ signal together with a 
repetition of the characters in store (C, D, Eand F). At terminal 2, receipt 
of the RQ signal during a repetition cycle is arranged not to initiate 
another repetition cycle, and normal traffic is resumed. 


§.I ERROR INDICATION 


If no return circuit is available, when an error is detected, the 5 space 
combination (signal No. 32 of the international telegraph alphabet, 
which is not generally used on the teleprinter), can be transmitted on the 
5-unit start-stop output wire to cause a special error symbol to be printed 
on a suitably modified printer. 
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Fig.3. 


32 POINT TO POINT TELECOMMUNICATIONS - FEBRUARY 1958 


6 MULTIPLEXING TELEGRAPH CHANNELS 


It is convenient to transmit two telegraph channels in time-division multi- 

plex on 100 baud circuits, and four channels on 200 baud circuits. When 

a 7-element 3-mark code is used, the polarity of the elements of characters 

on certain channels is changed to permit channel recognition. The follow- 

ing preferred arrangements are recommended by the C.C.I.T: 

(a) 2-channel systems: 
Characters of channels A and B shall be transmitted consecutively 
(character interleaved). Channel A characters shall be transmitted 
normally, while the elements of channel B characters shall be in- 
verted (i.e. mark replaces space, and vice versa). 

(b) 4-channel systems: 
Characters of channels A and B shall be transmitted consecutively. 
The elements of channel C characters shall be interleaved with those 
of channel A characters, and the elements of channel D characters 
shall be interleaved with those of channel B. Channels A and D shall 
be transmitted normally, while channels B and C shall be inverted. 
Fig.3 shows the arrangement. It can be seen that two 2-channel 
systems can readily be connected to form a 4-channel system by 
element interleaving of the two 2-channel aggregate signals, and 
deriving all timing operations from one of the equipments. 


7 DESIGN TECHNIQUES 


The first error correcting equipments to be introduced were electro- 
mechanical in design, using motor-driven segmented discs with brushes 
to provide distributor functions, and electro-mechanical relays for other 
circuit functions. 

A design based wholly on an electronic solution is to be preferred on 
most grounds. Desirable features include small size, low power consump- 
tion and heat dissipation, and reasonable cost. Because of the complexity 
of the equipment, ease of testing and observing the condition (mark or 
space) of the signal elements in the various circuit stages is important. 
Since several hundred valve circuits (or the equivalent) are incorporated 
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in the terminal equipments, reliability is of even more than usual 
importance. 

A number of approaches are possible, 

(a) All thermionic valve circuits. 

(b) All transistor circuits. 

(c) Circuits using thermionic valves and cold-cathode valves. 
(d) Circuits using thermionic valves and magnetic cores. 

(e) Circuits using transistors and magnetic cores. 

A design using all thermionic valve circuits, many of which are two 
valve binary circuits, together with neon lamps to indicate signal condi- 
tion, is bulky and power-consuming, while the reliability is not of a high 
order. 

In considering an all-transistor design, it should be borne in mind that 
since transistors are basically amplifying devices rather than on-off cir- 
cuit elements, they must be used in pairs in binary circuits, and relatively 
complex indicating devices are required to show signal conditions. A 
great number of transistors would be required for the complete equip- 
ment, and it can be concluded that this arrangement is inferior to a design 
using a combination of transistors and magnetic cores. Considering the 
alternative combination of thermionic valves and magnetic cores, it is 
probable that this would be cheaper though more bulky. 

Circuits using magnetic cores for this application are still in the experi- 
mental stage. 

At the present time circuits using cold-cathode valves for dividers, dis- 
tributors, storage and counting stages are an attractive alternative. The 
cold-cathode valve is basically an on-off device which, according to type, 
requires little or no standby power, provides a visual indication of its on- 
off condition, and is satisfactory for the low speed applications (up to 
about 1okc/s) required in error-correcting equipment. Cold-cathode 
valves are cheaper than transistors, have better overload characteristics, 
and vary much less with temperature. They also have long life, es- 
pecially as in most of the circuits they are struck for only a small per- 
centage of the time, but are bigger than transistors (the smallest size is 
sub-miniature). 

Circuits using cold-cathode valves are not familiar to a great many 
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engineers, and their merits for certain applications have tended to be 
overlooked. In the Appendix, details are given of some circuits used in 
error correcting equipment. 


8 EQUIPMENT DESIGN 


The design of an error correcting terminal equipment will now be con- 
sidered. Fig.4 shows the simplified block diagram of a typical terminal 
meeting the C.C.I.T recommendations. 


8.1 TRANSMITTER CIRCUIT 


Referring to Fig.4, 5-unit characters from a perforated tape and tape 
reader, or similar device, are registered, when required, at the inputs of 
the channel units. As each character is transmitted over the system the 
tape reader is driven on to provide the next input character. The charac- 
ters from the two input registers are normally fed to further registers and 
passed in turn, as directed by the channel timing control circuit, to the 
coder. At the same time, the transmitted characters are passed to channel 
stores. (It should be noted that the storage stage can, as an alternative, 
follow the coder and be at the 7-element stage.) Three characters are nor- 
mally registered in each shifting store and are discarded in turn if a repe- 
tition is not required. To facilitate the introduction of supervisory sig- 
nals the registers and stores operate on a 6-element basis. For characters 
from the tape the 6th element is always space, while for supervisory sig- 
nals the 6th element is mark. In the coder the 5-unit character, or super- 
visory signal, is translated to give the appropriate 7-element permuta- 
tion, and the output is converted, by means of a distributor, to a sequen- 
tial aggregate signal, which is passed, via a circuit which inverts the ele- 
ments of channel B characters, to the radio transmitter. 


8.2 RECEIVER CIRCUITS 


The output of the radio receiver is applied to a squaring circuit, and re- 
inverted for the channel B period; the elements of the incoming signal are 
examined at their nominal mid-instants and registered in the correct 
sequence by means of the receiver distributor. The 7-wire output of the 
register is applied to the decoder and the output characters are trans- 
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ferred in turn, under the control of the channel timing circuit, to the 
appropriate s-unit channel store. (Registration in these character stores 
is required to permit the transition from simultaneous to start-stop con- 
ditions.) The s-unit signal is read out of the store sequentially, via output 
gates, by a distributor operating at the required telegraph speeds. (Alter- 
natives of 50 and 45-45 bauds may be required.) Start and stop elements 
are added and the composite output is passed to the receiving printer. If 
a supervisory signal is detected by the decoder the corresponding condi- 
tion (continuous mark or continuous space) is applied to the appropriate 
output printer wire. 


8.3 AUTOMATIC REPETITION CIRCUITS 


As the incoming signal is registered, the number of marks in each charac- 
ter is counted. If the count is incorrect, or if the decoder detects the RQ 
signal, a repetition cycle is initiated on the appropriate channel. In this 
period (normally four characters) output from the channel store is in- 
hibited, and continuous mark polarity is applied to the channel output 
line to hold the printer. In the transmitter the repetition control circuit 
of the channel, on which the error or RQ signal was detected, stops the 
tape reader drive for the duration of the repetition cycle, and, after allow- 
ing the character already in the register to be cleared, sets up a 6-element 
permutation in the register, which is translated in the coder to the 7-unit 
RQ signal. After the clearance of this signal the repetition control circuit 
causes the characters in the store to be re-transmitted. As these charac- 
ters are transmitted they are automatically stored again in case a further 
repetition cycle is required, one of the supervisory signals (the idle time 
signal corresponding to continuous mark) being stored in place of the 
RQ signal. At the end of the repetition cycle normal traffic is resumed. 
The repetition only interrupts traffic on the channel in which the error 
occurred, while normal traffic proceeds on the other channel. 


8.4 TIMING CIRCUITS 


The timing of the various stages in the equipment is derived from a stable 
frequency source such as a crystal oscillator. The transmitter and re- 
ceiver channel and element distributors are driven from the oscillator via 
frequency divider stages. By choosing a suitable crystal frequency, and 
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permitting a choice of the scale of frequency division, the equipment can 
be arranged to operate at the various required aggregate speeds. The 
C.C.I.T recommends speeds of 171 3/7, 192 and 200 bauds for 4-channel 
circuits. 


8.4.1 Synchronizing 


To ensure synchronism between the transmitter and remote receiver, 
constant correction is applied to the timing of the receiver distributors. 
In the arrangement shown in Fig.4 the first stage of frequency division 
following the oscillator provides multi-phase outputs, and a timing 
examiner circuit compares the relative timing of the transitions of the in- 
coming signal, with those of a signal derived from the output of the re- 
ceiver frequency divider. If the transitions of the incoming signal are too 
early, the phase selector advances the phase of the drive to the receiver 
frequency divider. If they are too late, a retarded phase is selected. The 
incoming signal may be severely time-distorted, and to prevent unneces- 
sary changes of phase an integrating device may be included so that the 
phase is shifted only after a tendency towards early or late transitions 
has been established. According to the order of frequency division, the 
distributor can be adjusted in this way in steps of the order of 1% of an 
element. If no traffic is being passed over the system it is desirable to 
maintain precise synchronism in this way by transmitting one of the idle 
or supervisory signals. To prevent undue loss of synchronism during 
periods when there may be no aggregate input to the receiver, the stabi- 
lity of the oscillator must be very high, of the order of +1 part per 
million. 

Two terminal equipments are normally operated on a master-slave 
basis. 


8.4.2 Phasing 


An equipment should synchronize automatically on being switched on. 
It is then likely to be out of phase since there are 14 possible phase re- 
lationships between elements of a 2-channel system. When an equip- 
ment is out of phase there will not be a constant mark-space relationship 
and a repetition cycle will be initiated. After a specific period during 
which no RQ signal has been detected, adjustment of phase will take 
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place automatically by changing the receiver distributor phase by one 
element per repetition cycle. This change of phase will continue until 
the RQ combination is detected on both channels. 


8.5 TESTED RQ CIRCUIT 


A ‘tested RQ’ facility to provide some measure of protection against un- 
detectable errors may be considered desirable. During a repetition cycle 
one of the incoming characters should be the RQ signal. If this is not de- 
tected during a repetition cycle, it can be assumed that the transmission 
conditions are bad and that the repetition may contain undetectable 
errors. Another repetition cycle is then initiated. 


9 MECHANICAL DESIGN 


As mentioned before, the terminal equipment includes some hundreds 
of valve stages or equivalent circuit elements. The mechanical design of 
the equipment should, therefore, be arranged to permit easy and rapid 
servicing and maintenance. Adequate test points should be readily acces- 
sible and the signal condition in the various circuits should be indicated 
at a glance. 

Fig. shows a typical unit (in this case, the 7-element receiver register) 
of an error correcting multiplex equipment using cold-cathode valves. 
The unit is one of a number of mechanically identical plug-in units, and 
employs an etched wiring board. A high packing efficiency is achieved to 
minimize the overall size of the equipment. 


10 ANCILLARY EQUIPMENT 


Various special input devices are required for use in conjunction with the 
basic error correcting equipment to permit integration with other parts 
of the telegraph system (see Fig.6). 


I0.I START-STOP TO SIMULTANEOUS CONVERTER 


A 4-wire simultaneous input is generally preferred in the basic design of 
an error correcting equipment rather than the alternative of a sequential 


start-stop input on one wire; a start-stop to simultaneous converter can 
be added when required. 
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The error correcting equipment then requires two additional input 
wires to permit the introduction of the supervisory signals which are re- 
quired for switched working (such as Telex) or to indicate the ‘no traffic’ 
condition. 

The converter includes: 

(a) Means for driving the remote start-stop transmitter under the control 
of pulses from the error correcting equipment. 

(b) A distributor and associated circuit to register the incoming sequen- 
tial signal, and convert it to a simultaneous condition. 

(c) Astore (necessitated by the loop delay of the circuit) to which the in- 
formation in the register is transferred prior to its presentation to the 
error correcting equipment. (The next character to be transmitted 
over the system is held in the store during a repetition cycle and while 
another sequential input character is being registered.) 

(d) Provision for detecting the continuous mark and continuous space 
supervisory signals. 


10.2 TAPE READER 


The s-wire inputs to the transmitter channel panels of the error correct- 
ing equipment may be obtained from a tape reader, which can be stepped 
when required by pulses from the equipment. The tape reader is pro- 
vided with finger contacts to indicate the presence of the holes in per- 
forated tape, and other contacts to indicate ‘tight tape’ and ‘no tape’. 


10.3 TELEX ADAPTOR 


An adaptor is required to permit the input signals to the error correcting 
equipment to be derived from a receiver-reperforator-transmitter (pro- 
viding tape storage) or similar device, fed from the Telex network. 
Means must be provided for transmitting the Telex idling conditions, and 
indicating the number of characters correctly transmitted (i.e. excluding 
repetitions) to enable the call to be charged. 


10.4 CHANNEL SUB-DIVIDER 


This unit enables a number of circuits to use the same channel on a time- 
sharing basis. Successive characters transmitted over the system are taken 
in turn from a number of separate remote start-stop transmitters, while 
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TRANSMITTER PANEL CHANNEL ‘A’ 


TRANSMITTER PANEL CHANNEL ‘B’ 


CODER AND OUTPUT PANEL 


CONTROL PANEL 


TRANSMITTER AND RECEIVER 
DISTRIBUTOR PANEL 


RECEIVER INPUT PANEL 


DECODER PANEL 


RECEIVER OUTPUT PANEL 
CHANNELS ‘A’ AND ‘B’ 





Typical automatic error-correcting multiplex telegraph equipment for two so-baud s-unit 
teleprinter circuits. (Power, oscillator, frequency division and correction circuits are housed 
at back of equipment.) 
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received characters are transmitted in turn to the several associated start- 
stop receivers. A start-stop to simultaneous converter (see 10.1) is used 
in conjunction with each remote start-stop equipment. The output to the 
sub-channel start-stop receiver is transmitted at normal telegraph speed 
and continuous mark polarity is transmitted during the intervals be- 
tween successive characters. To avoid crossed sub-channels, and permit 
automatic sub-channel phasing, one sub-channel is inverted. (This over- 
rides the existing channel B and C inversion.) 


11 CONCLUSION 


The 7-unit 3-mark code, in widespread use on radio circuits, permits the 
use of error correction techniques. The early electromechanical equip- 
ments were not ideal, and recent experimental work in the UK and else- 
where showed that fully electronic solutions are now possible. 

Equipment based on the van Duuren system has now been designed 
using cold cathode triodes and printed wiring. This offers, at present, the 
best arrangement for simple, reliable equipment which can be main- 
tained in service without undue difficulty. 


Appendix 
COLD-CATHODE VALVE CIRCUITS FOR ERROR-CORRECTING EQUIPMENT 








THE CIRCUITS to be described here use 
three electrode cold-cathode trigger valves, 
sometimes known as cold-cathode triodes; 
the three electrodes are the anode, cathode 
and trigger. 

Vb =HT supply voltage 

Vam = anode-cathode maintaining voltage 
Vas = anode-cathode striking voltage 

Vts = trigger-cathode striking voltage 

Vam < Vb < Vas 

Fig.7 shows the basic pulse-plus-bias trigger 
valve circuit. The bias applied to the trigger 
and the amplitude of the input pulse are 
chosen so that each is less than Vts but their 
sum exceeds Vts. With the valve initially 
non-conducting the output terminal is at 


earth potential. On coincidence of the input 
pulse and bias potential the valve strikes be- 
tween trigger and cathode and, as a result, 
between anode and cathode. The anode- 
cathode voltage then falls to Vam, and the 
output potential rises. Once the valve is 
struck, removal of the trigger potential has 
no effect, and the tube can only be extin- 
guished by reducing the anode-cathode po- 
tential to a value less than Vam. 


I SELF-EXTINGUISHING 
COUNTER CIRCUITS 
A counter circuit using cold-cathode trigger 
valves is shown in Fig.8. A train of drive 
pulses of amplitude insufficient to strike an 
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Fig.7. Pulse-plus-bias trigger valve circuit 


unprimed valve is applied via capacitors to 
all the triggers. On connecting priming bias 
to V:, the next drive pulse strikes V:. The 
voltage of the common anode line falls in- 
stantaneously to a value Vam, and capaci- 
tor C; charges to a value 
(Vb—Vam )Ri 
R+Ri 

thus priming V2 ready for the next pulse. The 
succeeding pulse strikes Vz, and the voltage 
of the common anode line falls instantan- 
eously to Vam. (As the cathode of Vz mo- 
mentarily remains at zero potential due to 
the presence of C2.) The cathode potential of 
Vi is initially held at its positive value, re- 
ducing the voltage across V; below the main- 
taining voltage, thus extinguishing it. The 
process is repeated for subsequent drive 
pulses, conduction shifting one valve along 
the chain each time. 

The circuit can be connected as a ring in- 
stead of a chain by obtaining the priming 
bias for V: from the cathode of V,,. The self- 
extinguishing ring counter can be used for 
many applications. 


1.1 Distributor 
Fig.9 (a) shows a ring counter used as a dis- 
tributor, while Fig.9 (b) shows the input and 
output waveforms. 





POINT TO POINT TELECOMMUNICATIONS - FEBRUARY 1958 


1.2 Frequency Divider 
The circuit shown in Fig.g also forms the 
basis of frequency division networks, when 
only a single output is used. 


1.3 Phase Splitter 
The outputs at the cathodes of the several 
valves in a ring counter are at the same fre- 
quency but in different phase relationships. 
If the pulse drive to a subsequent stage is 
derived from the output of a ring counter, 
the phase can be advanced and retarded by 
selecting alternative outputs. Fig.1o shows 
cold-cathode valve circuits used to provide 
the timing requirements of the equipment 
shown in Fig.4. The relative phase of the 
transmitter and receiver element distributors 
may be adjusted according to which of the 
phase selector gates is opened. 


1.4 Both-way Counter 

Fig.11 shows the circuit of a both-way 
counter. Drive pulses on the ‘A’ line step 
the counter forward, while pulses on the ‘B’ 
line step it backwards. Such a circuit is used 
in, for example, the timing examiner. Pulses 
due to early transitions of the incoming sig- 
nal drive the counter in one direction, while 
late pulses drive it in the opposite direction. 
When the valves at the ends of the chain 
are struck they provide drive pulses which 
cause the phase selector to advance or re- 
tard the phase of the drive to the receiver 
frequency divider, and operate a circuit 
which returns the conducting stage to the 
centre of the chain. 


2 CIRCUITS WITH 
EXTERNAL EXTINGUISHING 
A chain of cold-cathode trigger tubes may 
be extinguished by a pulsed HT supply (ob- 
tained, for example, from a cathode follower 
valve). 


2.1 Register with Sequential Input 
Fig.12 shows a register suitable for use as the 
receiving register of an error correcting 
equipment. At the commencement of the 
registering period of a new character, a nega- 
tive character pulse applied to the grid of 
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Fig.10. Timing equipment of a typical error correcting terminal— block diagram 
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Fig.11. Both-way counter using cold cathode valves 
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7-UNIT OUTPUT TO DE-CODER 


Fig. 12. Register using cold-cathode trigger valves 


valve Vs extinguishes all valves and clears 
the register. Input drive pulses, correspond- 
ing to marks in the sequential 7-element re- 
ceiver input, are applied to all triggers. 
Priming voltage is applied to the triggers in 
turn from a distributor. In this way the ap- 
priopriate valves strike on co-incidence of 
pulse and priming, and register the input 
character. The sequential input signal is thus 
converted to a parallel output; the outputs 
from the cathodes are fed to the decoder. 
The next character pulse again clears the 
register ready for the next character. 


2.2 Shifting Store 
Fig.13 shows a circuit which can be used for 
storing the conditions of a specific code 
element of a number of successive charac- 
ters. Six such circuits would be used to store 
six-element characters; the drive pulses and 
pulsed HT supply would be common to all 
the element stores. A negative character 
pulse applied to the grid of Vs lowers the 
HT momentarily. Simultaneously with the 


re-application of HT a drive pulse is applied 
to all the triggers. V; then strikes if the in- 
put (priming) voltage is positive, correspond- 
ing to a mark to be registered (the input 
terminal is at earth potential on space) and 
capacitor C; charges to a value 
(Vb—Vam)R1 
~ RitRe | 

At the next character pulse V; extinguishes 
but the charge remains on capacitor C1 
priming Vz which strikes on the re-applica- 
tion of HT due to the co-incident drive pulse. 
Meanwhile, V; strikes or not according to 
whether the next element to be registered is 
mark or space. If Vi is non-conducting (re- 
presenting a space in the register) capacitor 
C1 is at earth potential, Vz is not primed and 
will not strike when the character pulse and 
drive pulse is applied. It is seen that at each 
character pulse an element of the new char- 
acter is registered on V; and the condition 
of each valve is transferred to the next in 
order. Each conducting valve in the chain 
represents a mark stored. 
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Fig.13. Shifting store using cold-cathode trigger valves . HT 4 
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3 MARGIN CHECKS ON COLD- 
CATHODE VALVE CIRCUITS 

A routine test which can be applied to the 

cold-cathode circuits of the equipment dur- 

ing no-traffic periods is the raising and lower- 

ing of the regulated supply voltages until a 


circuit fails to operate correctly. If the fail- 
ure occurs for a relatively small change of 
supply voltage (e.g. less than 5%) it can be 
concluded that the stage is tending to be- 
come faulty and requires detailed checking. 
Thus faults in service can be minimized. 
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and the design of associated special equip- 
ment. In 1956 he took charge of a new sec- 
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in the Engineering Department of the Mid- 
Essex Technical College. He is the author of 
VHF Radio Manual. 
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A NEW WORD IN COMMUNICATIONS 


AUTOPLEX 


Transmission over high frequency and VHF ionospheric 
scatter telegraph circuits of direct teleprinter traffic on 
a telex system demands substantially error-free trans- 
mission characteristics. Under these conditions, and also 
for data transmission circuits, the possibility of repetition 
often does not exist. 

The alternative to greatly increased transmission power 
is the use of an error detection and correction arrangement. 

The Marconi Autoplex equipment which is now in 
production has been designed to carry out the detection 
and subsequent correction of errors automatically. The 
equipment, which can be applied to existing HF telegraph 
circuits, provides 2 channels in time division multiplex 
for 100 baud circuits, and two equipments can be com- 
bined to give 4 channels where 200 baud circuits are 
available. 


MARCONI 
AUTOPLEX 


AUTOMATIC ERROR CORRECTING EQUIPMENT 
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$5535 MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 
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for interconnecting 
electronic equipment 


BICC make Coaxial Radio Frequency 
Connectors with moulded-on terminations 
for use with— 

Ground and airborne radar equipment 
Ground and airborne radio 
transmitters and receivers 

Terminations include a standard range 
(with appropriate panel mounting units) 
designed to Ministry of Supply require- 
ments. 

In addition, there are a number of 
BICC designs for other applications. 


TE coenial 


R.F. CONNECTORS 








BRITISH INSULATED CALLENDER’S CABLES LIMITED, 
21 Bloomsbury Street, London, W.C.1 
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Combined Operations 


The complexity of modern radio-multichannel systems involving 

hundreds of telephone channels has brought about a collaboration 

between the two leading specialist organizations in the field— 
Marconi’s in radio, and A.T.E. in carrier transmission. 











This completely unified approach to development, systems 
planning, supply, installation, maintenance of equipment 
and training of personnel covers radio-multichannel 
systems in the V.H.F., U.H.F. and S.H.F. 
frequency bands all over the world. 





or AUTOMATIC TELEPHONE & ELECTRIC 
Co. LTD., STROWGER HOUSE, ARUNDEL 
STREET, LONDON, W.C.2 


Full information may be obtained from either: 
MARCONI’S WIRELESS TELEGRAPH COMPANY 
LIMITED, CHELMSFORD, ESSEX, ENGLAND. 








IV 
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ATE line transmission equipment 
designed for continuous service 


A.T.E. line transmission equipment is designed and built to provide the 
maximum facility in shipment and erection. Plug in panels and quickly 
detachable functional units ensure that maintenance routines can be 
carried out without interruption to the service. Performance 
characteristics normally fully meet C.C.I.F. requirements or can 
be arranged to suit special conditions if necessary. 
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Marconi’s hand in 


Communications for the Oil Industry 


Reliable communications are the lifeline of 
a pipeline. Marconi VHF multi-channel 
systems are meeting all the requirements of oil 
companies for point-to-point networks. One 
system can handle all the traffic of telephone 
and teleprinter, tanker loading installations 
and mobile communications with vehicles 
and craft. Line systems can be linked with 
terminal equipment when required. 

Both radio and power plant are designed 
for prolonged, fully automatic, unattended 
operation. Automatic fault alarms and 
change-over to duplicated systems provide 
warning of faults and uninterrupted service 
while they are being rectified. 

VHF systems are as clear and reliable as 
landline or cable and they cost very much 
less to instal and maintain, particularly over 
difficult country. 


MARCONI 


COMPLETE COMMUNICATION SYSTEMS 
Surveyed, planned, installed, maintained 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, 
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The repeater station at Dahr Satra installed for the 
Iraq Petroleum Company. Duplicated power supply 
and automatic change-over facilities ensure uninter- 
rupted service of this 4-channel VHF link. 


A Marconi survey engineer tests for signal strengths a 
a lonely mountain site during the radio-propagation 
survey along the trans-Iranian pipeline route. 
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" subscribers : 




















Telephone 


The A.T.E./Marconi v.h.f. f.m. battery operated subscriber set provides radio tele- 
phone service where no mains exist and a land line could not be built. It is compact and 
economical and provides transmission of a quality equal to line or carrier working. 
Chief characteristics are :— 

12v. d.c. supply from accumulator. Frequency modulated transmitter Dimensions 15” x 10’ x 6” 


Fully tropicalized. and receiver. (.38m. x .25m. x .15m.). 
2-wire connection to telephone. Range 20 miles (approximately). Power consumption: 
300-3000 c/s bandwidth. Weight 27 Ib. 12.27 kg. transmit 1.15A, receive 1 10A. 


Cyclic switching for listening out reduces average drain to 110 mA. 


Ge marcon 


AUTOMATIC TELEPHONE & ELECTRIC COMPANY LIMITED 
STROWGER HOUSE, ARUNDEL STREET, LONDON, W.C.2 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED 
MARCONI! HOUSE, CHELMSFORD, ENGLAND 
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Marconi Surveying Ser 
Tine 









Before planning any communication system, and {| || 
particularly a microwave or V.H.F. multichannel j 
system, a survey of the propagation conditions i 
over the proposed path or area is essential. 
Similar, but less exhaustive surveys, are 

also necessary before planning V.H.F. mobile 
systems. Such surveys are undertaken by 
Marconi’s, one of the very few radio 
manufacturers who do so. The teams 

engaged in the work may be called upon to 
operate in desert, swamp and jungle, over which 
line and cable routes would be impractical, on 
windswept moorlands or in densely populated city 
and suburban areas. Surveys are being, or have already 
been carried out all over the world, including: Uganda, 
Kenya, Tanganyika, Nigeria, Ghana, Tangier, Azores, 
Norway, Turkey, Greece, Malaya, Ceylon, Ecuador, West 
Indies, Sweden, Iran, Angola, and also, of course, in Britain. 
Over 80 countries now have Marconi-equipped telegraph and 


communications services. Many of these are still giving trouble-free 
service after more than twenty years in operation. 


Lifeline of communication 


MARCONI 





vice 


LEFT. Balloon operations 


* on the Ipoh-Telok Anson 


route in Malaya. 


RIGHT. The mast is up 
and the motor generator 
is running during the 
survey of the Nigerian 
multi-channel system. 


; BELOW. The V.H.F. 


MARCONI’S WIRELESS TELEGRAPH CO., LTD., CHELMSFORD, ESSEX, 


mobile survey team erect 
their mast. 


COMPLETE COMMUNICATION SYSTEMS 


Surveyed, planned, installed, maintained 
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FOR CHECKING 
$.S.B. QUALITY 


HF. 
SPECTRUM ANALYSER 
Type OA 1094 








The Marconi OA 1094 Analyser gives an 
immediate panoramic display of the frequency 
spectra of signals in the band 3 to 30 Mc/s. 
It brings speed and convenience to the align- 
ment of s.s.b. communication transmitters and 
drive units. Intermodulation distortion, hum 
level and carrier compression, the bandwidth 
of f.s.k. and on/off keyed signals — these can 
all be evaluated directly from the c.r.t. 
screen with its calibrated graticule. A crystal- The Spectrum Analyser Type OA 1094 was 
controlled first local oscillator ensures a drift- ——_ og gerne a by my ag Post 
free display at sweep widths as low as 100c/s. _ Instruments Ltd. under GPO. authority. 
Highly-selective if. crystal filters provide Other instruments of interest to communication 
sharp discrimination between components as yaviure “Test Gow for HLF. Pointe Point 
little as 50 c/s apart. Communication’’. 

ABRIDGED SPECIFICATION 
FREQUENCY RANGE: 3 to 30 Mc/s in 9 bands with separate 3.1-Mc/s fixed-frequency 
input. SWEEP WIDTH: Continuously variable up to 30 kc/s. SWEEP DURATION: 0.1 to 
30 sec in 6 steps. AMPLITUDE MEASUREMENT RANGE: 0 to -30 dB and -30 to -60 dB 
relative to reference signal. 1.F. BANDWIDTHS: 6, 30, and 150 c/s. c.R.T.: 6-inch dia- 
meter with long-persistence phosphor. 
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